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Abstract 
Ceramic oxide coatings were deposited on 7N01 Al alloy by micro-arc oxidation (MAO) in the electrolytic solution. 
Microstructure, phase composition and wear resistance of the oxide coatings were investigated by SEM, XRD as well 
as friction and wear test. The micro-hardness and thickness of the oxide coatings were measured. The results showed 
that the ceramic coating was mainly composed of α-Al2O3 and γ-Al2O3. During oxidation, the temperature in the 
micro-arc discharge channel was very high to make the local coating molten. From the surface to the interior of the 
coating, 30~35μm, micro-hardness of coatings gradually increased, which was about 1300HV0.1. It has been found 
that the micro-arc oxidation coatings greatly improved the anti-wear properties of aluminum alloys. 
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摘要 
        利用微弧氧化技术在 7N01 铝合金表面形成微弧氧化陶瓷膜层，分析了微弧氧化陶瓷层的相组成和显微





























图.1   微弧氧化设备示意图 
1-专用电源; 2-不锈钢槽; 3-温度计; 4-阳极试样;  5-搅拌器;  6-冷却系统 
Fig.1 Schema of experimental arrangement of micro-arc oxidation 













解液，pH 值为 8~10。电解液温度不超过 40℃，电压 500~700V，电流密度 8~10A/dm2，氧化时
间 40min。使用 X 射线衍射仪（XD-2）测定微弧氧化陶瓷层的相组成，利用扫描电子显微镜
（MS-2600 型）分析陶瓷层的表面形貌和微观结构；用 HVS-1000 型硬度计测定其显微硬度，采
用淬火态 GCr15摩擦球（φ 10mm，硬度 62HRC）为对磨件，在哈尔滨工业大学生产的 HIT-2型

























图 2 微弧氧化陶瓷层表面形貌   a)微观形貌；b) 标注区域的局部放大 
Fig2. Surface morphology of the micro-arc oxidized ceramic coating 
(a) surface morphology；(b) magnifying picture of the white circle area in Fig. 2a 
3.2. 陶瓷层微观结构 
图 3 为 7N01 铝合金表面微弧氧化陶瓷层的微观结构。如图所示，微弧氧化陶瓷层具有疏松
层两层结构，氧化物与基体金属的结合界面处相互渗透，结合较好。研究表明[5-7]：微弧氧化陶瓷
层主要由 α-Al2O3 和 γ-Al2O3两相组成，随着氧化时间越长，7N01 铝合金微弧氧化陶瓷层层越
厚，氧化层增厚主要是 α-A12O3和 γ-A12O3的共同生长决定的，在氧化初期，陶瓷层生长主要以
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图 3 微弧氧化陶瓷层微观结构 
Fig.3 microstructure of MAO ceramic coating 
3.3. 微弧氧化陶瓷层的耐磨性 
Table 1. Friction and wear test results of MAO coatings 
 
 












图 4 微弧氧化陶瓷层磨损后表面形貌 
Fig.4 Surface morphology of MAO coatings worn 
  表 1 是微弧氧化陶瓷层与基体分别同 GCr15 钢球干摩擦时的摩擦结果，给出了 2 种试样磨损
距离为 600m时的磨损率和摩擦因数的对比关系。 
  由于陶瓷层平均硬度值可达到 1300HV，铝合金微弧氧化后耐磨性能显著提高。如表所示，在
干摩擦条件，相同的磨损距离，微弧氧化陶瓷层的磨损率和摩擦系数都明显低于铝合金基体。试
Specimens Friction coefficient wear rate  /(m3•N－1•m－1) 
7N01 alloy 0.4~0.45 2.46×10-3 
MAO coatings 0.24~0.35 1.28×10-5 
10um 
40um 
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验过程中，观察到可能由于微弧氧化后试样表面粗糙度较大，其摩擦系数变化波动较大，跑合时
间比原始基材的时间长。 
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